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PREFACE 


This  investigation  was  authorized  by  the  US  Army  Engineer  District,  New 
Orleans  (CELMN) ,  under  the  heading  "Louisiana  Coastal  Plain,  Land  Loss 
Mapping:  1983-1989"  by  DA  Form  2544,  No.  CELMN-ED-91-20,  dated  8  November 
1990  and  amended  19  February  1991,  6  June  1991,  12  July  1991,  and  16  August 
1991. 

This  Investigation  was  performed  and  the  report  prepared  during  the 
period  8  November  1990  to  31  January  1992.  The  Program  Manager  for  this  study 
was  Mr.  E.  B.  Ken^  III,  Chief,  Geology  Section,  Engineering  Division  (ED-FG) , 
CELMN.  Land  loss  mapping  and  rate  curve  development  were  performed  by 
Mr.  J.  B.  Dunbar,  Geologic  Environments  Analysis  Section  (GEAS) ,  Engineering 
Geology  Branch  (EGB) ,  Earthquake  Engineering  and  Geosciences  Division  (EEGD) , 
Geotechnical  Laboratory  (GL) ,  Waterways  Experiment  Station  (WES).  This  report 
was  prepared  by  Messrs.  J.  B.  Dunbar,  WES;  L.  D.  Britsch,  CELMN;  and 
E.  B.  Kenp  III,  CELMN. 

This  investigation  was  conducted  under  the  direct  supervision  of 
Messrs.  R.  J.  Larson,  Chief,  GEAS,  and  Joe  Gatz,  Chief,  EGB,  and  under  the 
general  supervision  of  Drs.  A.  G.  Franklin,  Chief,  EEGD,  and  W.  F. 

Marcuson  III,  Chief,  GL. 

Dr.  Robert  w.  Whalin  was  Director  of  WES.  COL  Leonard  G.  Hassell,  EN, 
was  Commander  and  Deputy  Director  of  WES  during  the  preparation  of  this 
report . 
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LAND  LOSS  RATES:  LOUISIANA  COASTAL  PLAIN 


PART  I :  INTRODUCTION 

Background 

1.  This  study  Is  the  third  in  a  series  by  the  US  Army  Engineer 
District/  New  Orleans  (CELMN) ,  and  the  US  Army  Engineer  Waterways  Experiment 
Station  (WES)  on  land  loss  rates  in  coastal  Louisiana.  Earlier  studies  by 
Britsch  and  Kemp  (1990)  and  Dunbar,  Britsch,  and  Ken^  (1990)  defined  land  loss 
rates  and  presented  land  loss  rate  curves  for  individual  US  Geological  Survey 
(USGS)  15-minute  (min)  quadrangles  in  the  Mississippi  River  Deltaic  and 
Chenier  Plains,  respectively  (see  Figure  1) .  Together,  these  two  geomorphic 
regions  form  an  area  consisting  of  62  USGS  15-min  quadrangles,  an  area  of 
approximately  18,000  square  miles.*  In  both  studies,  land  loss  rates  for 
three  time  periods  (1930' s  to  1956-58,  1956-58  to  1974,  and  1974  to  1983)  were 
identified  for  each  quadrangle.  This  study  is  a  continuation  of  these  earlier 
studies  and  presents  the  most  recent  land  loss  rate  and  trend  data  for  the 
1983  to  1990  time  period. 


Purposes  and  Scope 

2.  The  purposes  for  this  study  are  to  document  on  maps  the  location  of 
the  land  loss  and  determine  the  magnitude  of  the  loss  that  has  occurred  in 
coastal  Louisiana  between  the  1930' s  and  1990.  Specific  objectives  of  this 
study  are  to:  (a)  map  the  land  loss  that  has  occurred  for  the  1983  to  1990 
time  period  for  each  15-min  (1:62,500  scale)  USGS  quadrangle  in  the  study 
area,  (b)  determine  land  loss  rates  for  each  quadrangle  mapped  and  for  the 
entire  Louisiana  coastal  plain,  and  (c)  identify  significant  historic  land 
loss  trends.  Data  from  this  study  are  being  used  by  CELMN  to  assist  planning 
studies  and  wetland  restoration  projects.  This  report  will  not  evaluate 
site-specific  causes  for  land  loss  in  coastal  Louisiana  but  will  address 
generic  causes  for  the  land  loss. 


*  Multiply  square  miles  by  2.589998  to  obtain  square  kilometres. 
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Figure  1.  Index  map  to  the  study  area  showing  15 -min  quadrangles  in  the 

Louisiana  Coastal  Plain 


PART  II:  DATA  SOURCES  AMD  MAPPING  PROCEDURES 


Data  Sourceg 

3.  Land  lose  mapping  was  accomplished  by  comparing  four  vintages  of 
aerial  photography  with  a  base  map  and  delineating  the  land  loss  that  occurred 
over  the  period  of  record  on  the  base  map.  Sources  of  map  and  photographic 
data  used  in  this  study  are  identified  in  Table  1.  For  the  1990  land  loss 
update,  WES  and  CELMN  engaged  NASA  to  fly  a  special  high  altitude  photographic 
mission  (ER-2  flight,  December  8-9,  1990)  over  coastal  Louisiana.  Land  loss 
mapping  was  conducted  from  the  photography  {scale:  1:62,500)  obtained  during 
the  NASA  overflight. 

4.  In  addition  to  the  photography,  12-channel  Thematic  Mapper  Simulated 
(TMS)  digital  data  (approximately  24-m  resolution)  of  the  study  area  was  used 
as  an  aid  in  the  land  loss  mapping  for  interpretation  of  problem  areas.  Land 
loss  mapping  was  based  on  the  photography  rather  than  the  digital  data  since 
previous  mapping  was  photography  based. 

5.  The  base  maps  used  were  either  US  Coast  and  Geodetic  Survey  Air 
Photo  Compilation  Sheets  (T-sheets)  or  early  USGS  15-min  topographic 
quadrangle  maps.  Both  types  of  base  maps  are  based  on  interpretation  of  early 
aerial  photography.  T-sheets  were  the  preferred  base  map  for  this  study  as 
they  are  the  earliest  and  most  comprehensive  base  map  available  for 
Louisiana's  coastal  plain.  T-sheets  were  photographically  reduced  to  a  USGS 
15-min  (1:62,500)  quadrangle  map  format  for  mapping.  For  those  areas  where 
T-sheet  coverage  was  not  available,  the  earliest  available  USGS  15-min 
topographic  quadrangle  map  was  used  for  the  base  map.  Both  T-sheets  and  early 
15-min  USGS  quadrangle  maps  were  photographically  transferred  onto  stable 
transparent  film  to  produce  the  mapping  base. 

Land  Loss  Interpretation  and  Classification 

6.  This  study  documents  changes  from  land  to  water  over  a  period  of 
approximately  60  years.  Land  loss  is  considered  to  be  any  land  area  present 
on  either  the  base  maps  or  1930 's  photography  that  was  interpreted  as  water  on 
later  photographic  coverages.  Land  loss  identified  during  the  mapping 
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Table  1 

Sources  of  Map  and  Photographic  Data 


Date 

Source 

Orieinal  Scale 

1932-33 

US  Coast  and  Geodetic  Survey 

Air  Photo  Compilation  Sheets 
(T-sheets) 

1:20,000 

1933-55 

uses  15 -Minute  Topographic 

Quadrangle  Maps 

1:62,500 

1933-35 

Tobin  Surveys,  Black-And-White 

Aerial  Photo  Mosaics 

1:62,500 

1956-58 

Tobin  Surveys,  Black-And-White, 

Aerial  Photo  Mosaics 

1:24,000 

1974 

NASA  Color  IR 

1:120,000 

1983 

National  High  Altitude  Program, 

Color  IR 

1:58,000 

1990 

NASA  Color  IR 

1:62,500 
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Includes  both  loss  from  man-made  causes  as  well  as  loss  due  to  natural 
processes .  Most  of  the  land  loss  classified  as  man-made  is  the  direct  result 
of  dredging  for  various  types  of  canals  and  waterways.  All  land  loss  not  the 
direct  result  of  man's  activities  was  considered  natural  loss. 

7.  Because  the  distinction  between  land  and  water  is  so  critical  to  the 
accuracy  of  this  study,  it  is  inportant  to  identify  the  criteria  used  to 
distinguish  between  land  and  water.  Water  was  classified  as  any  area  of  water 
having  no  permanent  vegetation  visible  at  the  surface .  Permanent  vegetation, 
for  purposes  of  this  investigation,  is  that  which  is  attached  to  the 
substrate,  not  floating  vegetation  such  as  hydrilla  and  hyacinths.  Land  was 
singly  defined  as  everything  on  the  photography  (or  base  map)  not  classified 
as  water.  Generally,  the  only  land  areas  on  the  photography  without  some 
visible  vegetation  were  beaches  and  dredged  sediments . 

Land  Loss  Mapping  and  Area  Measurement 

8 .  A  detailed  discussion  of  the  land  loss  mapping  process  is  omitted 
from  this  report  as  it  was  described  in  detail  by  Britsch  and  Kenp  (1990) .  In 
summary,  land  loss  mapping  during  this  study  consisted  of  comparing  the  land 
areas  on  the  base  maps  (transparent  film  positive  of  15-min  USGS  quadrangle 
map)  to  land  areas  on  the  photography  and  delineating  areas  of  land  loss  on 
the  overlay  base  map.  Land  loss  areas  were  defined  for  each  photographic 
period  examined.  The  resulting  land  loss  map  identified  the  overall  land  loss 
that  had  occurred  during  the  four  time  periods  mapped  (1930' s  to  1956-58; 
1956-58  to  1974;  1974  to  1983;  and  1983  to  1990)  and  whether  it  was  man-made 
(i.e.,  dredged  canals)  or  natural  loss. 

9.  Land  loss  areas  were  determined  by  optical  scanning  (digitizing)  of 
individual  overlays  prepared  for  each  map.  Black  ink  overlays  were  prepared 
for  each  map  for  both  the  natural  and  man-made  land  loss  identified  for  each 
period.  The  amount  of  land  loss  during  each  period  was  calculated  for  each 
map  by  optically  scanning  the  ink  overlays  and  computer  processing  the  scanned 
(digitized)  data.  Land  loss  rates  were  determined  for  each  period  and  a  rate 
curve  was  constructed  for  each  quadrangle.  Examples  of  the  different  steps 
involved  in  land  loss  mapping  and  additional  information  about  the  mapping 
procedure  are  described  in  more  detail  by  Britsch  and  Kemp  (1990) . 


7 


PART  III:  LAND  LOSS  RATES 


Land  Loss  Rates  for  Individual  Quadrangles 

Land  Loss  Rates  in  Square  Miles  Per  Year 

10 .  Land  loss  rates  in  square  miles  per  year  for  the  62  USGS  quadrangle 
maps  in  the  Louisiana  Coastal  Plain  are  identified  in  Table  2.  Rate  curves 
for  these  quadrangles  are  presented  in  Appendix  A.  Time  periods  for  which 
the  land  loss  rates  are  based  are  shown  in  Table  2  and  graphically  by 
horizontal  bars  on  the  land  loss  rate  curves  in  Appendix  A.  A  summary  of  land 
loss  rates  for  the  different  time  periods  mapped  is  presented  in  Figures  2a 
through  2d. 

11.  Quadrangles  with  land  loss  rates  greater  than  1,  2,  and  3  square 
miles  per  year  are  shown  by  Figures  2a  through  2d  for  the  different  time 
periods.  For  time  period  1  (Figure  2a),  there  were  no  quadrangles  with  land 
loss  rates  greater  than  2  square  miles  per  year.  The  number  of  quadrangles 
with  land  loss  rates  greater  than  1  square  mile  per  year  is  as  follows:  3 
quadrangles  in  time  period  1,  17  quadrangles  in  time  period  2,  8  quadrangles 
in  time  period  3,  and  7  quadrangles  in  time  period  4.  This  series  of 
illustrations  shows  that  the  greatest  land  loss  has  occurred  in  the  Modern 
Delta,  the  South-Central  Deltaic  Plain,  and  the  Western  Chenier  Plain. 

Land  Loss  Rates  in  Percent  Per  Year 

12.  As  another  method  of  presenting  the  land  loss  trend  data,  the 
1930' s  base  maps  were  digitized  in  order  to  determine  the  percentage  of  land 
loss  for  each  quadrangle.  Land  loss  rates  as  a  percent  of  the  land  area 
present  in  each  time  period  are  identified  in  Table  3  and  the  individual  rate 
curves  for  the  percent  data  are  presented  in  Appendix  B.  Land  loss  rates  in 
Table  3  are  expressed  as  average  percent  land  loss  per  year  and  were  derived 
by  dividing  the  land  loss  rate  (in  square  miles  per  year)  for  each  quadrangle 
by  the  land  area  present  at  the  beginning  of  each  time  period  mapped.  Land 
loss  data  presented  as  a  function  of  percent  allow  comparison  between 
quadrangles  with  small  initial  land  areas  and  quadrangles  with  large  land 
areas.  With  land  loss  rates  expressed  as  percent  loss,  the  comparison  is 
independent  of  the  total  amount  of  land  present  for  each  quadrangle.  The  loss 
rate  for  each  quadrangle  is  the  amount  of  land  loss  as  a  percentage  of  the 
available  land  present.  It  is  then  possible  to  compare  quadrangles  which 
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Table  2 

Louisiana  Coastal  Plain  Land  Loss  Rates 
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period  2  (1956-58  to  1974) 
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period  3  (1974  to  1983) 
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period  4  (1983  to  1990) 


Table  3 
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(Continued) 


Table  3  (Concluded) 
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contain  little  land  area  (i.e..  Cat  Island,  Mitchell  Key,  Point  Chicot,  etc.) 
with  quadrangles  that  are  nearly  all  land  (Cut  Off,  Gibson,  Houma,  etc.). 

Table  3  shows  that  quadrangles  with  little  land  area  have  some  of  the  highest 
land  loss  rates  in  the  study  area. 

13.  A  summary  of  land  loss  rates  expressed  as  average  percent  per  year 
for  the  different  time  periods  mapped  is  presented  in  Figures  3a  through  3d. 
For  time  period  1,  the  maximum  rate  is  less  than  2  percent  per  year.  In  time 
periods  2,  3,  and  4,  the  maximum  rates  are  greater  than  2  percent  per  year. 
Comparing  quadrangles  with  loss  rates  greater  than  0.5  percent  over  the  four 
time  periods  mapped  shows  rather  specific  trends  for  the  past  60  years.  The 
0.5  percent  rate  is  empirically  established  for  comparison  purposes.  The 
highest  land  loss  rates  based  on  percentage  change  are  occurring  along  the 
coast.  Percentage  loss  rates  are  highest  in  the  Modern  Delta,  in  the  coastal 
quadrangles  of  the  Eastern  and  Southern  Deltaic  Plain,  and  in  the  Western 
Chenier  Plain.  Percentage  land  loss  rate  trends  are  generally  consistent 
among  the  four  time  periods  mapped  for  these  same  areas  except  for  the  Western 
Chenier  Plain,  where  the  rates  are  more  variable 


1930 's  Base  Land  and  Water  Data 


14.  From  the  1930 's  land  data,  it  is  possible  to  determine  the  gross 
land  changes  that  have  occurred  in  coastal  Louisiana.  Beginning  in  the  early 
1930' s,  there  was  approximately  8,511  square  miles  of  land  in  the  study  area. 
By  the  end  of  the  1990  time  period,  the  total  land  loss  that  occurred  was 
1,526  square  miles  or  approximately  17.8  percent  of  the  original  land  area. 

Of  the  17.8  percent  total  loss,  74.4  percent  occurred  in  the  Deltaic  Plain  and 
25.6  percent  in  the  Chenier  Plain.  Figure  4  summarizes  the  general  land 
changes  that  have  occurred  in  coastal  Louisiana  during  approximately  the  past 
60  years  and  shows  the  percent  contribution  that  occurred  in  each  period.  In 
time  period  2  (1956-58  to  1974),  the  greatest  amount  of  land  was  lost  with 
nearly  half  of  the  total  loss  occurring  during  this  period.  For  time  periods 
3  and  4,  the  loss  contribution  has  decreased  for  each  period  from  the 
proceeding  time  period. 
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AVG  PERCENT  LAND  LOSS  PER  YEAR 
TIME  1  (1930’S-1 956-58) 
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period  1  (1930's  to  1956-58) 


AVG  PERCENT  LAND  LOSS  PER  YEAR 
TIME  2  (1956-58-1974) 
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Figure  3b.  Summary  of  land  loss  rates  in  percent  per  year  for  time 

period  2  (1956-58  to  1974) 


AVG  PERCENT  LAND  LOSS  PER  YEAR 
TIME  3  (1974-1983) 
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Figure  3c.  Summary  of  land  loss  rates  in  percent  per  year  for  time 

period  3  (1974  to  1983) 
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LOUISIANA  COASTAL  PLAIN 

LAND  LOSS  1930’s  TO  1990 


Figure  4.  Pie  chart  showing  gross  land  loss  changes  between 
the  1930's  and  1990.  Time  periods  mapped  are  as  follows: 
Time  1  (1930's  to  1956-58),  Time  2  (1956-58  to  1974), 

Time  3  (1974  to  1983),  Time  4  (1983  to  1990) 
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Composite  Land  Loas  Rates 


Louisiana  Coastal  Plain 

15.  Composite  land  loss  rate  curves  for  the  entire  study  area  (see 
Figure  1)  are  presented  in  Figure  5.  The  curves  are  expressed  in  square  miles 
per  year  and  average  percent  per  year,  respectively.  The  land  loss  rate  in 
time  period  4  (1983  to  1990)  for  the  Louisiana  Coastal  Plain  is  25.34  square 
miles  per  year  or  0.35  percent  per  year.  The  rate  curves  show  the  trend  has 
been  consistently  decreasing  from  its  peak  in  time  period  2. 

Mississippi  River  Deltaic  and  Chenier  Plains 

16.  Land  loss  rate  curves  for  the  Deltaic  Plain  are  presented  in 
Figure  6.  For  time  period  4,  the  land  loss  rate  for  the  Deltaic  Plain 

(50  quadrangles,  see  Figure  1)  is  19.98  square  miles  per  year  or  0.36  percent 
per  year.  Land  loss  rate  curves  for  the  Chenier  Plain  (12  quadrangles)  are 
presented  in  Figure  7.  For  time  period  4,  the  land  loss  rate  for  the  Chenier 
Plain  is  5.36  square  miles  per  year  or  0.33  percent  per  year.  For  both  the 
Deltaic  and  Chenier  Plains,  the  cumulative  land  loss  rate  has  been  decreasing 
since  time  period  2. 
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41  O'? 


LAND  LOSS  (SQUARE 


1930  1940  1960  1960  1970  1900  1990 

ELjAPSED  time  (YEARS) 


a.  Curve  expressed  in  square  miles  per  year 


1930  1940  1950  I960  1970  1900  1990 

ELAPSED  TIME  (YEARS) 


b.  Curve  expressed  in  percent  per  year 


Figure  6.  Land  loss  rate  curves  for  the  Mississippi  River  Deltaic  Plain 


ELAPSED  TIME  (YEARS) 


PART  IV:  CONCLUSIONS 


17.  Land  loss  mapping  from  the  1930' s  to  1990  for  62  USGS  quadrangles 
in  the  Louisiana  Coastal  Plain  indicates: 


a.  The  location  and  magnitude  of  land  loss  is  highly  variable 
throughout  the  coastal  plain. 

The  land  loss  rate  for  the  entire  study  area  has  decreased 
from  its  high  of  approximately  42  square  miles  per  year  in 
1974  to  approximately  25  square  miles  per  year  in  1990. 

c. .  The  percentage  of  land  being  lost  in  the  study  area  is  also 

decreasing  from  its  high  of  approximately  0.51  percent  per 
year  in  1974  to  approximately  0.35  percent  per  year  in  1990. 

d.  Total  land  area  has  decreased  from  8,511  square  miles  in  the 
1930' a  to  6,985  square  miles  in  1990. 

e.  Approximately  17.8  percent  of  the  available  land  in  the  study 
area  has  been  lost  since  the  1930' s. 

The  highest  land  loss  rates  and  percentage  loss  are  occurring 
along  the  coastline.  Rates  are  highest  in  the  Modern  Delta 
and  in  the  eastern  and  south-central  portions  of  the  Deltaic 
Plain. 

a.  Natural  land  loss  rates  will  probably  continue  to  decrease 

slowly  until  a  background  rate  is  reached.  The  land  loss  rate 
for  time  period  1  (14.61  square  miles  per  year  or  0.17  percent 
per  year)  may  be  representative  of  the  natural  background  rate 
because  it  reflects  the  land  loss  rate  in  the  coastal  area 
prior  to  the  major  impacts  from  man's  activities. 

h.  Land  loss  data  are  being  used  in  conjunction  with  engineering 
geology  and  subsidence  data  to  identify  those  areas  where 
mitigation  and/or  restoration  is  most  feasible. 
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APPENDIX  A:  LAND  LOSS  RATE  CURVES 
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APPENDIX  B 


PERCENT  LAND  LOSS  RATE  CURVES 
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